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INTRODUCTION 
Science is an art and creativity knows no boundaries. The 
creative artists of Chemistry, the Analytical Chemists can proudly 
dislocate their shoulders to pat their backs, as their field is the 
fastest growing in the world of Chemical Technology. 
Analytical Chemistry is basically the determination of the 
chemical composition of matter. Modern Analytical Chemistry 
includes identification of substances, structural elucidation of 
compounds, separation of different elements and synthesis of ion 
exchangers. 
Separation has important applications in the field of 
medicine, agriculture and environmental analysis. It 's basically a 
pre-treatment method, which proceeds any qualitative, or 
quantitative analysis. Pre-treatment obviates the interference of 
other substances. The general methods of separation are 
distillation, extraction, precipitation, crystallization, dialysis and 
diffusion. Chromatography, electrophoresis and ion exchange are 
the modern and the most versatile techniques used for the purpose 
of separation. The various separation procedures are summarized 
in table 1. 
Chromatography plays an important role in separation of 
compounds from a mixture of substances of diverse nature. 
Although Tswett. a Botanist invented Chromatography in 1903. its 
Table 1: Different methods of separation 
S.No. Method Principle 
1. Precipitation Difference in solubility 
2. Distillation Difference in volatility 
3. Sublimation Difference in vapour pressure 
4. Extraction Difference in solubility in two phases 
5. Crystallization Property of solubility usually at lower 
6. Zone refining Crystallization usually at elevated 
"CIIROMATOGRAFHIC METHODS 
7. Adsorption Distribution of solute between a solid 
column and a liquid phase in the column. 
8. Partition Distribution of a solute between two 
column liquids on a column. 
9. Ion-Exchange Exchange of ions. 
10. Size-exclusion Separation occurs on the basis of 
chromatography molecules size of the solute. 
recognition goes back to 1848 and Way and Thompson are the 
credit holders. A brief history of Chromatography is given in table 
2. 
High performance liquid chromatography (HPLC) is a new 
pearl in the throne of Chromatography. It 's the most widely used 
of all the separation techniques with annual sales of HPLC 
equipment approaching a billion-dollar mark. Other important sub-
divisions of non-column liquid chromatography are paper 
chromatography and thin layer chromatography. 
Hlecirophoresis is a separation method based on the 
differential rate of migration of charged species in a buffer 
solution across which has been applied a DC electric field. This 
technique was first developed by a Swedish Chemist. Arne 
Tiselius in the 1930"s for the study of serum proteins; he was 
awarded the 1948 Nobel Prize for this work. Electrophoresis has 
been applied to a variety of difficult analytical separation 
problems; inorganic anions and cations. amino acids, 
catecholamines, drugs, vitamins, carbohydrates, peptides, proteins, 
nucleic acids, nucleotides, polynucleotides and numerous other 
species. 
Ion exchange chromatography is considered the most 
versatile method of separation and is particularly helpful in the 
separation of ions of similar properties. The separation is based on 
the different sorbability values of ionic species. It 's an important 
Table-2: Some of the key contribution in the field of 
chromatography. 
Vc«r Contributors Contributions 
1848 Way and Thompson Recognised the phenomenon of 
exchange in soil. 
1850 Range & Schoenbeen Studied capillary analysis on paper. 
to and Geoppelsraeder 
1900 
1876 Lemberg Illustrated the reversibility and 
stoichiochemistry of Ion-Exchange in 
Al-silicate materials. 
1892 Reed First to record column separation 
tubes of Kaolin used for separation of 
FeCb from CUSO4. 
1903- Tswet Invented chromatography with use of 
1906 pure solvent to develop the 
chromatogram. used mild adsorbent to 
resolve chloroplast pigments. 
19.35 Adams and Homles Synthesized synthetic organic ion-
exchange resins. 
1938 Reichrtein Introduced the liquid or flowing 
chromatograms. Thus extending 
application of chromatography to 
colourless substances. 
1939 Brown Used circular paper chromatography 
for the first time. 
1940- Tiselius Devised frontal analysis an method of 
1943 displacement developments. 
1941 Martin and Synge Introduced column partition 
chromatography. 
1944 Consden, Gorden and First developed paper partition 
Martin chromatography. 
1948 Lederer and Linstead Applied paper chromatography to 
inorganic compounds. 
1951 Kirchner Introduced thin-layer chromatography 
as it is practiced today. 
1952 James and Martin Developed gas chromatography. 
1956 Sober and Peterson Prepared ion-exchange celluloses. 
1959 Porath and Flodin Introduced cross-linked dextran for 
molecular sieving. 
1964 Moore Gel permeation chromatography as 
.^  practical method. 
method for rapid and accurate determination of the constituents or 
the contaminants of alloys of complicated composition and 
pharmaceutical and biological substances. Fission products of 
radioactive elements have been successfully determined by ion 
e\chanee. 
Ion exchange is a process of nature occurring since time 
immemorial. Aristotle (1) stated that sea water loses part of the 
salt content when filtered through a certain type of soil. Nearly 
150 years ago, an English landowner. H.S.Thomas engaged an 
analyst named Spence to investigate the loss of ammonia from 
manure heaps. Spence discovered a technique for treating water 
namely "softening" and high purity condensed polishing. This 
discovery of calcium displacement by ammonia using a natural ion 
exchanger soil was the beginning of the technology. Spence 
reported his discoveries to the Royal Agricultural Society (2) and 
the work was further confirmed b}' G.T.Way (3) an agricultural 
chemist, who discovered it as "base exchange". This exchange in 
soil was found to be reversible and stoichiometric. The credit of 
introduction of the first synthetic aluminosilicate ion exchanger 
also goes to Way. He laid doun the foundation of modern ion 
exchange theory and technology with a remarkable completeness. 
However, it was Gans (4) who in 1905 softened water on an 
industrial scale using naturally occurring or svnthetic 
aluminosilicate materials called /col i tes . The (uins paleiUs were 
successfully used for the next 30 >ears. Another breakthrough 
came in 1934 when two new types were iuA'ented. The first was a 
sulphonated coal developed in Germany and the second a phenol -
formaldehyde invented by two English chemists. Adams and 
Holmes (5) at the National Physical Laboratory. England. The 
second, though relatively unstable by today's standards had yet 
considerable industrial applications. 
A spectacular evolution began in 1935 when Adams and 
Holmes discovered that crushed phonograph records exhibit ion 
exchange properties. It was followed by the commercial 
production and improvement of synthetic resin by Holmes and 
Farbenindustrie. Progress in analytical chemistry never stopped. 
D'Alelio and McBurney (6) invented sulphonated cross-linked 
polystyrene cation exchangers and the corresponding aminated 
polymeric anion exchangers. Acrylic based resins were used for 
specific applications. 
Ion exchangers are insoluble solid materials carrying 
exchangeable ions. The exchange of ions is stoichiometric and 
takes place in the presence of an electrolytic solution. Ion 
exchangers are of three types: -
1) Cation Exchangers: - Those, which carry exchangeable 
cations. 
2) Anion Exchangers: - Those, which carry exchangeable 
anions. 
3) Amphoteric Ion Exchangers: - Those, which are capable of 
both, cation and anion exchange. 
A typical cation exchange reaction is as follows: -
2NaX+CaCb(aq.)^ ": Ca)^+2NaCl(aq.) (1-1) 
And an anion exchange reaction is as: -
2XC1 +Na2S04 • X2SO4 +2NaCl(aq.) (1 -2) 
'X' represents the structural unit of the exchanger. 
Solid phases (resin phases) are underlined. 
"aq.'indicates that the electrolyte is an aqueous solution. 
Reaction (1-1) occurs in the process of softening of water. 
Ion exchange resins are the polyelectrolytes of high 
molecular weights. The three dimensional cross-linked structure of 
ihe exchanger is known as "the matrix" and the ionisable groups 
attached to it are referred as "functional groups". The 
exchangeable groups are known as "counter ions". Ion exchangers 
can be monofunctional or polyfunctional depending on the number 
of functional groups attached. The acidity and basicity of an 
exchanger depends on the nature of its functional group. A 
strongly acidic synthetic resin may possess - So.,' as a functional 
group and a weakly acidic one may have - Coo'. A stronglv basic 
ion exchange resin has - N(CH3)2 as a functional group and a 
weakly basic has - NH2. 
Ion exchange is a reversible process in which cations or 
anions are exchanged stoichiometrically. which between the solid 
phase (resin) and the liquid phase (electrol>tic solution). When an 
exchanger with counter ion "A" is placed in a solution with a 
counter ion 'B* the ion exchange process can be written as; -
A' + B^  — B^ + A^  
Where the bar refers to the exchange of phase. 
Since the reaction reaches equilibrium, the equilibrium expression 
in terms of concentrations can be written as; -
K' 
A* B* 
[A- B^  
The first attempt to synthesise synthetic ion exchangers 
resembling natural Zeolites, was made more than 50 years ago. 
The first cation exchanger that became commerciallv available was 
prepared by mixing soda, potash, felspar and kaolin. During the 
last 20 - 30 years, inorganic ion exchangers have firmly occupied 
their position. The term "Inorganic Ion Exchangers" has been used 
in the title of a Monograph by Amphlett (7). which describes the 
rapid development and applications of these materials. These ion 
exchangers are resistant to heat and radiations and thus, can be 
used for high temperature separation of ionic components from 
radioactive wastes, as solid electrolytes and catalysts. 
Kraus et al (8. 9) and Amphletl (10, 11) have done excellent 
work in this field. The work upto 1970 has been condensed by 
Pekarek and Vesely (12). Clearfield (13. 14. 15). Alberty (16. 17) 
and Walton (18, 19) have also worked on different aspects of 
synthetic inorganic ion exchangers. Quereshi and co-workers have 
prepared a large number of such materials and study their ion 
exchange behaviour (20, 21. 22. 23. 24. 25. 26). 
A wide range of components of acidic salts of multivalent 
metals has been described as ion exchangers. The renaissance oi' 
the practical applications of these substances is closely connected 
with the development of nuclear science. Ion selective electrodes 
have been prepared from inorganic ion exchangers, which have 
now become important tools for solving various analytical 
problems (27, 28. 29). The different types of ion exchange 
materials are: -
1) Clay minerals. 
2) Zeolites, 
3) Heteropoly acid salts and 
4) Hydrous oxide and insoluble salts. 
Inorganic ion exchangers find applications in the analysis of 
alloys (30, 31) and silicate rocks (31. 32), separation of metals 
from drugs (33, 34) and in the detection of iron and molybdenum 
(35 ,36) . 
Numerous other important analytical applications of 
inorganic ion exchangers are as follows: -
The limitations of Zeolites and Clays was their instability in 
acids and this led to the discovery of other ion exchange materials. 
Adams and Holmes (37) in 1935 discovered the ion exchange 
properties in crushed phonograph. This discovery led the inventors 
to the synthesis of organic ion exchangers. These exchangers had 
better properties and were stable in acids. They were also easy to 
handle. The structures of these exchangers could be varied as 
desired. Thus the Zeolites and Clays were replaced by much reliable 
' resins ' . Investigators developed synthetic ion exchange resins, 
which were improved by the former Farben Industry in Germany and 
chiefly after World War II, by companies in America and England. 
Nearly all current industrial and laboratory work is easy due 
to these resins. The synthesis of these organic resins made it 
possible to vary the properties of an ion exchanger in a systematic 
manner. A list of commercial ion exchange resins is given in table 
3. 
Phenolic resins have been used for a number of analytical 
applications, but the more modern styrene-divinyl benzene resins 
have caught attention from analytical chemists all over the world. 
These resins are prepared by co-polymerisation of styrene with 
divinyl benzene. In this co-polymer divinyl benzene forms cross 
linkages between the chains of polymerised styrene (fig. 1) 
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Fig. 1: Chemical Structure of a styrene - divinyl benzene resin. 
These organic ion exchangers have been used both in 
laboratories and industries for separations, recovery of metals, 
deionization of water, concentration of electrolytes and 
elucidation of reaction mechanisms (38). The applications of 
these ion-exchange resins progressed so rapidly that the theory 
lagged behind and could not follow the experiments. 
It is important to note that these resins should be made under 
identical conditions. Degree of condensation for every resin 
should be the same. The degree of cross-linking can be controlled 
by choosing proper base materials. A common disadvantage of 
condensation ion-exchange resins is that they contain phenolic or 
hydroxyl groups besides the strongly acidic, weakly acidic or 
weakly basic groups. Whereas, the polymerization ion-exchange 
resins are more uniform to these, production is also more 
controlled. Polymerisation products are thus more superior than 
condensation products. The first polymerization ion exchanger 
was produced by D' Alelio (39) in 1945 and the first ion-exchange 
membrane was produced by Juda and McRae (40). 
The commercially available polymeric ion-exchangers are 
basically cross-linked polystyrene molecules (41). One part is a 
large permeable, insoluble, non-diffusable ion constituting the 
basic resin structure. The other part is an ion of equal but 
opposite charge smaller in size and has unlimited ability to 
migrate with the resin structure durine exchanae reactions. A 
typical resin is prepared by the following copoiymerization 
reaction between styrene and divinyl benzene. 
CH CH2 ^H ^^' 
+ 
Stvrene Divinyl benzene Copolymerisation product 
(Polystyrene) 
The quantity of divinyl benzene used is varied over a wide 
range to control the degree of crosslinking. The number of 
crosslinkages is governed by divinyl benzene to styrene ratio. 
The ionic group attached to the skeleton of the resin 
determines the nature of the exchanger; cation exchangers have 
acidic functional groups attached where as anion exchangers have 
basic functional groups attached to the skeleton of the resin. 
The representative cation-exchanger is Dowex 
50Wmanufactured by Dow Chemical Company. Some of the 
divinyl benzene cation exchange resins are as following (42). 
Strongly Acidic 
—RSO.^ H 
Dowex-50 
Amberlite-lR-120 
1 
Weakly Acidic 
—RCOOH 
Wofatite C 
• • 1 
Amberlite - 45 • 
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Some anion exchangers are given below: 
Strongly Basic 
Qualenar\ amine 
Dow ex-1 
Dowex 21 K 
Amberlite IRA-400^ 
Weakly Basic 
Primary and secondary amine 
Dowex-3 
Amberlite lR-43 
Strongly basic anion exchangers (43) are much more useful 
than weakly basic ones. They can be sued for anion exchange and 
chromatographic work. Strongly basic resins are resistant to 
oxidation (44). It has been found that resins used for water 
deionization last longer, if the water used is deairated before the 
exchange reaction (45). Lindsey and D'Amico (46) reported that 
these resins are insoluble in all mineral acids and bases of 
moderate concentration and all common solvents including 
aliphatic and aromatic hydrocarbons. Organic ion exchangers are 
usually stable in a wide pH range. Synthetic organic resins are 
used most widely because of the case with which reproducible 
products can be prepared and because of their excellent 
mechanical and chemical stability and reproducibility. Their 
availability, stability and reproducibility probably are largely 
responsible for the popularity of ion exchange as a separation 
method. 
They arc very sensitive lo exposure lo high radiation doses, 
which causes significant changes in their capacity and selectivity, 
presumably through hydrolysis of their functional groups, chain 
scission and changes in the cross-linking. Ionization radiation 
doses of the order of 10' to lO'' GY (IGY = 100 radiations) 
significantly alter the properties of synthetic organic ion 
exchangers. The evolution of gases such as ( 0 . O2. CH4. SO2 and 
nitrogen oxides) during irradiation practically prevents separation 
processes in the column. An absorbed dose of 10 GY or more 
makes an organic ion-exchange resin totally useless. 
Organic ion exchangers and especially copolymers can be 
prepared with defined grain size, are resistant to abrasion and are 
thus useful in packed columns. These essentially have an elastic 
structure even the exchanging ions may be nearly as large as that 
for the ions in the aqueous solutions. The ionic selectivity of 
organic ion exchangers is given primarily by the character of the 
functional groups incorporated in the polymer skeleton and by the 
degree of cross linking. 
In addition to the materials mentioned so far. a number of 
other types of organic exchangers have been developed, e.g.. the 
electron and redox ion exchangers. The electron ion exchangers 
may be considered as solid oxidizing and reducing agents. These 
exchangers are insoluble unlike dissolved oxidizing and reducing 
agents. These exchangers are insoluble unlike dissolved oxidizine 
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and reducing agents. These exchangers arc insoluble unlike 
dissolved oxidizing and reducing agents. The redox ion 
exchangers are conventional ion-exchangers, which contain 
reversible redox couples. These couples act as their counter ions. 
Another group of highly cross linked polystyrene resins 
contain groups like —CH2N (CH2COOH)2 as their active groups. 
These are known as chelating exchangers and they show definite 
selectivity towards certain ions or groups of ions. 
Chelating ion exchangers provide a convenient technique for 
the analytical concentration of many interesting trace elements 
from natural waters and also help in collecting toxic elements 
from industrial wastewaters. The selectivity of these complexing 
agents resides predominantly in their ability to form chelates with 
certain cations. 
Ion exchange resins are efficient catalysts. They can bring 
about hydrolysis under relatively milk conditions without the 
introduction of any new ions. They can be thus successfully used 
for the detection of esters and also in all those reactions in which 
hydrolysis is performed prior to detection. Ion exchange resin 
beads also serve as excellent reaction media for metal ions as 
demonstrated by Fujimoto (47). He called this phenomenon as 
resin spot test. Ion exchangers also serve as reaction media for 
detection. 
18 
Ion exchange has resolved the most difficult problems in 
chemicaJ analysis. Purification at large scale can be made by 
passing the sample solution through the ion-exchanger beads 
which take up certain materials in preference over others. The 
exchanger bed can be regenerated into a suitable form by 
conventional methods (48). 
Column chromatography is valuable since the substances 
separated are collected quantitatively. Ion exchangers can 
separate micro (< 1 mg quantities) as well as macro (> Ig 
quantities) samples. Because of the macro applications, ion 
exchange processes can be sued on industrial scale. Ion exchange 
chromatography has solved problems, which were unsolvable 
earlier like separation of rare earths (49-55). isolation and 
identification of new transuranium elements (56-61). The process 
has also been used for enrichment of isotopes (62-2S). organic 
substances such as amino acids (68-76). peptides (77. 78). proteins 
(79), nucleic acids (80), alcohols (81, 82), glycol (83, 84) 
carbonyl compounds (71, 81, 85, 86), carbohydrates and 
derivatives (87-90), ethers (86-91), amines (92-94), hydrocarbons 
(85-95) and phenols (86-96) have also been separated on ion 
exchange columns. The more recent applications of ion exchange 
resins includes collection of Selenium (IV) (97), ppb level of 
aluminum (98) and pre-concentration of cobalt (99). Ion exchange 
has been successfully used in food industry, and ion processing of 
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wine is commonly practiced by manufacturers in U.S. These 
exchangers are also used as plant nutrient carriers. Some other 
applications of ion-exchangers are: 
1. Separation of similar ions from one another. 
2. Removal of interfering radicals. 
3. Softening of hardware. 
4. Complete demineralization. 
5. Purification of organic compounds extracted in water. 
Separation with ion exchange is mostly used in inorganic 
chemistry. Organic ions, which from salts with the oppositely 
charged ions in another phase can also be separated. Almost all 
exchange reactions require aqueous solvents. 
Separation of inorganic mixtures is based on the following 
principles: 
(i) At low concentration, the extent of exchange is 
directly proportional to the valency of exchanging 
ions, 
(ii) At constant valency, the extent of exchange is directly 
proportional to the atomic number, 
(iii) The extent of exchange highly depends upon the 
formation of complexes. 
Distribution coefficient (Kd) may be determined to calculate 
the separation factor, which may be regarded as a measure of 
possible separation. 
Amount of ion (A) present in exchanger phase g 
Kd = — ; : ; ~f 
Amount of ion (A) present m solution phase ml 
The general use of distribution coefficient is made in elution 
techniques used in separation. The rate at which ions move in ion-
exchange chromatography is proportional to their distribution 
coefficients. It is possible to separate a trace amount of one metal 
ion from a large amount of the other. 
Some of the important detection methods of organic 
substances are given below: 
(i) Instrumental Techniques (100-106) 
(ii) Chromatographic Methods (107) 
(iii) Ion-exchange Methods (108-109) 
(iv) Spot testing (110) 
The instrumental techniques are very sophisticated and they 
provide maximum information about the substance under study. 
UV and IR spectroscopy can be sued to detect substances, which 
are otherwise difficult to identify. Infrared absorption 
spectroscopy shows that all chemical compounds show marked 
selective absorption in the infrared region. It is thus widely used 
for the identification of organic compounds. Spectra of organic 
compounds are generally complex and provide numerous maxima 
and minima that can be employed for comparison purposes. The 
infrared absorption spectrum of an organic compound represents 
its truly unique physical properties and serves as a fingerprint. IR 
spectroscopy has also been employed for qualitative and 
quantitative analysis where qualitative applications are more 
significant. Detection of water molecules. —OH groups and metal 
oxygen bonds can be done with the help of IR spectrum. 
NMR is a useful method for the detection of organic 
functional groups and has been recently used for the determination 
of sucrose (III). Photo acoustic spectroscopy (112) is also an 
important method for the solution of analytical problems. 
X-rays analysis confirms whether the material is amorphous 
or crystalline. Thermogravimetry and differential thermal analysis 
are imporlanl techniques that record changes in the chemical 
composition of a material at different temperatures. These 
techniques provide great help in establishing the structure and 
thermal stability of ion-exchangers. 
The main drawbacks of instrumental methods are high cost 
of the instrument and expertise needed to handle them. Moreover 
instruments cannot be used where field detection is required. 
The chromatographic methods are also being used to solve 
the problems of detection. The property of interest in such cases 
is the Rf value of a substance under specified conditions. Even 
though the Rf values are usually employed to separate and then to 
identify the components of a mixture. 
Ion exchange is the simplest method for the detection of 
organic functional groups. It is a fast, simple, selective and an 
inexpensive method. Ion exchange test for microgram detection of 
amides and imides is based on catalytic hydrolysis in the presence 
of a cation exchange resin in H"^  form. The products of hydrolysis 
are corresponding acids and ammonia. A study of interferences 
was also done and it was found that microgram detection of amide 
and imide was possible in the presence of a large amount of 
organic compounds. Feigl (113) developed a few detection tests 
for amides, imides and anilides. 
Esters as a class are difficult to detect by classical methods, 
as there is no functional group in these compounds. 
Presence of a H-ion in carboxyiic acids helps in their 
detection and the carboxyl group in ketones is reactive. Qureshi et 
al.. (11) have developed a simple test in which ester is shaken with 
the cation exchange resin beads in the H-form. 
Description of detection methods won"t be complete without 
referring to spot tests. The importance of spot tests in qualitative 
analysis is due to the untiring efforts of Feigl. who pioneered the 
technique and published a number of books (115. 116). which deal 
with various aspects of the subjects. 
Spot test is based on the intense colouration produced on the 
surface of light coloured ion exchange resin by taking the ions 
having characteristic colour from the reaction medium. The spot 
tests have the following advantaees: 
(i) Spot tests require a very small quantity of material for 
analysis and need inexpensive equipments, 
(ii) They are more sensitive because the coloured ionic 
specie is concentrated on the resin surface, 
(iii) These tests are more selective by using masking agents 
or by proper selection of the conditions for analysis. 
Thus ions having charge opposite to the ionic species, 
adsorbed by the resin, do not interfere, 
(iv) The colouration is more stable in the resin phase than 
the aqueous phase and becomes more intense on 
standing, 
(v) These tests require little training on the part of an 
investigator. 
The spot tests have their own elegance as the resin beads 
adsorb different colours. The resin beads can also help in the 
elucidation of reaction mechanisms. 
Resin spot technique has been widely used for the detection 
of inorganic ions by using the colour reaction (117-119). Certain 
tests have been used for the detection of phenols, aliphatic amines, 
primary aromatic amines, aldehydes and substituted hydrazines 
(120, 121). 
The uptake of metal ions in preference to others by an ion-
exchanger is known as "selectivity'. 
Selectivity depends on the charge of the metal ions, their 
ionic radii, their ability to form insoluble substances with the 
exchangers and complex formation. Selectivity reveals the 
possibility for the separations of different metal ions from one 
another. 
Besides other factors a solvent plays an important role in the 
adsorption of metal ions on ion exchangers. The ion exchange 
behaviour of almost all metal ions in aqueous mineral acids of 
different concentrations has been studied extensively. Solvents 
other than mineral acids have also been used as eluents. Formic 
acid, citric acid, oxalic acid, tartaric acid, perchloric acid and 
hydrochloric acid are the common eluents used for column 
chromatography. Elution of metal ions increases as these solvent 
form complexes with them. Oxalic acid has been studied as a 
complexing agent in the separation of As, Mn, Co, Zn and Cu from 
one another (122). According to the investigations of Somuelson 
(123) and coworkers, these complex forming organic acids are 
sometimes adsorbed on a strongly basic anion exchanger and such 
an exchanger can be treated as a cation-exchanger. 
Despite the outstanding theoretical achievement the 
properties of ion exchangers cannot be predicted from chemical 
consideration only. Thus more inorganic ion exchangers have to 
be synthesized so that studies are done on their properties. 
Efforts have been made to develop: 
->> 
1. Materials which are thermally and chemically stable. 
2. Ion exchange material, specific for certain metal ions. 
3. Materials having selectivity coefficient in solutions 
different than that in aqueous ones. 
4. Materials, which can be used in the separation of metal ions 
in the samples of alloys, minerals and ores. 
5. Materials, which interact with organic substances. 
6. To develop crystalline ion exchange materials. 
Solid ion exchangers have a number of advantages as 
compared to dissolved electrolytes: 
1) The catalyst can be readily removed from reaction products 
by filtration or by decantation. 
2) The purity of products is better since side reactions are 
minimized. 
3) The ion exchanger is more selective i.e.. it sharply 
distinguishes between the various reactant molecules and it 
may be considered half way to the selectivity between 
dissolved electrolytes and enzymes. 
4) No new ions are introduced in the reaction except the ions, 
which are produced as a result of hydrolysis. 
Although there are many methods of determination of trace 
tal ions, such procedures often involve in tedious extraction and 
separation (124). 
me 
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Global warming and a hole in the ozone layer have made 
investigators all over the world conscious about the environmental 
pollution. Sixties and seventies of the twentieth century were the 
\ears of concern of environmental pollution and environmental 
pollution was thought of as a menace to be eradicated as soon as 
possible. Environmental pollution is caused due to a number of 
pollutants, which can be natural or human induced. Some general 
pollutants are lead, Mercury. Carbon monoxide and sulphur 
dioxide. Most of these pollutants are toxic to human beings and 
can produce chronic diseases of lung, heart, kidney and brain. 
According to the "International Register of Potentially Toxic 
Chemicals", of the United Nations Environment Programme, there 
are about 4 million known toxic chemicals in the world today and 
around 30,000 new ones are added to the list every year. An 
occupational exposure to these chemicals can cause cancer. These 
substances affect DNA and prevent it from synthesizing necessary 
substances, which control all gro\\th. Various chemicals used in 
industries effect living organisms and enter a human body either 
directly or indirectly. Table 4 shows toxic elements that cause 
chronic effects to human beings. 
Tanneries. Electroplating Industry. Textile Industry. Paper 
and Pulp Industry and other such Industries, cause water pollution 
as their discharge goes into the lakes, oceans and rivers. These 
factories induce various heavy metals in water Untreated water 
Table-4: Toxic trace elements in drinking and waste waters . 
S.No. Elements Source Effects 
1. Ar Mining by product. Toxic. can be 
pesticides, chemical carcinogenic, 
wastes. 
2. Cd Industrial discharge. Causes high blood 
mining wastes, metal pressure. kidney 
plating, waterpipes. failure. destruction 
of testicular tissue 
and red blood cells. 
3. Cr Metal cleaning and Ulceration and 
plating, tanning, perforation of nasal 
found as Cr(VI) in systems. It is also 
water. carcinogenic. 
4. Cu Metal plating. Toxic to plants and 
industrial and algae High cone, in 
domestic wastes, drinking water can 
mining, mineral cause death, 
leaching. 
5. Fl Natural geological Prevents tooth decay 
sources, industrial at lmg/1 and can 
waste waters cause mottled teeth 
additives. and damage bones at 
the level of 5mg/l . 
6. Pb Industrial wastes, Toxic, can cause 
mining, plumbing, anemia, kidney 
coal, gasoline diseases, nervous 
disorder, wild life 
destruction. 
7. Hg Mining, industrial Highly toxic Methyl 
wastes, pesticides mercury compounds 
are more toxic than 
other elements. 
8- Zn Industrial wastes, Toxic to plants at 
metal plating, higher levels, 
plumbing. 
9- Mn Mining, industrial Toxic to plants 
wastes, Acid mine higher levels. 
___^__ drainaee. 
at 
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causes severe problems to human beings since water is of vital 
concern for mankind. The toxic contaminants of water are usually 
heavy metals and phenols. 
The menace of water born diseases looms on the horizon of 
the developing countries and the investigators are working hard to 
get rid of this silent killer. 
Table-5 shows objectionable components in water, their 
effects and also their sources. The taste and odour of water is 
highly effected by the presence of inorganic and organic 
substances such as benzenes, anilines and phenols (125). 
As is said 'Prevention is better than cure', pollution also can 
be eradicated by prevention and control. Reduction of pollutants 
from their sources is necessary. Various analytical methods are 
being applied to monitor the extent of pollution. First the 
recognition of pollutants, then sampling and their estimation are 
carried out to evaluate the levels of contaminants. 
Ion exchange has resolved the most difficult problems of 
chemistry like separation of the components of a mixture having 
similar properties. Thus this separation method has occupied firm 
position and can be used for pollution control. Ion exchange can 
help removing toxic elements like fluorine and nitrobenzene from 
urine Ion exchangers separate the micro (<1 mg) as well as macro 
(>1 gm) quantities. Koertus (126) and Powlowski (127) have 
removed Hg and Pb as wastes while purifying waste waters 
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Table-5: Objectionable components of industrial waste water 
and their effects and sources. 
S.No. Components Effects Sources 
1. Bioxidizables Deoxygenation. Large amounts of 
anaerobic soluble carbohydrates 
conditions. kills sugar canning, pulping 
2. Primary Cattle poisoning. Metal cleaning and 
toxicants fish and plantation plating. tanning. 
killing. refineries, battery 
3. Acids and Disrupt pH of Coal-mine drainage. 
Alkalis buffer systems steel pickling, textile 
industry. 
4. Disinfectants Selectively kills Bleaching of paper. 
H T O J C I the textile industry. Resin 
microorganisms. synthesis. dyes and 
^ J . f r pffect ta^te , and chemijcai manufactures. 
5. Ionic rorms or increasesliardness. IVletarrurgy. cement to 
Fe. Ca. Mg, and salinity of ceramic industries. 
Mn and CI. water. 
6. Oxidizing and Alters chemical Gas and coke making 
reducing balance. fertilizer plants, 
agents explosive 
manufacturers. 
7. Evident to May cause foaming Tanning, food and meat 
sight and smell and make processing, sugar mills. 
sett^leable solids woolen mills, poultry 
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released during the manufacture of nitrogen compounds. Zinc is 
removed from liquor by a metal separating ion exchange process in 
which it is sorbed as ZnCU'". It is then eluted as Zinc Sulphate by 
aqueous H2SO4 (128). Caiman (129) has renewed the process of 
the removal of mercury by ion exchange. Water pollution control 
has been described by Ambrus (130) by removing pollutants like 
Pb. Cu. Ni, Cd and Zn and Ion Exchange Method. Pollutants like 
Cd. Zn. Cu. Ti. Bi, Co. Mn. Mo. V. U and Th have also been 
removed from natural waters by the same method. Removal of 
pollutants has been successfully achieved in river water and 
seawater also. 
The technique of ion exchange is based on the enrichment of 
metals as their anionic complexes (131). Selective ion exchangers 
like Lewatite O.C. 1019. 103 have been found ideal for the 
immobilization of heavy metal ions in the soil (ZrO:'"". Cu"". 
Pb"""). Some of the recent achievements of ion exchange 
techniques are: treatment of sea water (132). water 
demineralization (133. 134), metal tracing in drinking water (135). 
environmental analysis (136), determination of Ca'^ and Mg"'' 
(139), CI2 and N2 determination in H2O (140). production of water 
for pharmaceutical purposes (141), removal of Hg"" from waste 
waters (142), separation heavy metals on chelating resins (143). 
preconcentration of Cr (VI) and Cr (III) (144) for the 
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chromatography of biopolymers (145) recovery of uranium for sea 
water. 
The two important methods for the analysis of trace mclal 
ions are: 
1) Ion exchange using resin impregnated papers. 
2) Ion exchange using resin beads. 
The resin-loaded papers suffer form unequal distribution of 
the metal ions within the paper due to the niembrane subjected low 
capacity and very long equilibrium. 
Weetall et al., (146) recently reported the immobilization of 
8-hydroxyquinolene chelate on a porous glass. Herculis (147) 
reported the use of an immobilized dithiocarbonate for trace metal 
in analysis. 
Nabi et al., have synthesized a number of chelate forming 
resins by incorporating complexing agents like Bromophenol blue 
(148), Eriochrome Black T (149). Congo red (150), Alizarin red S 
(151), Crystal violet (152) and Toulidine blue (153). Separations 
of metal ions have been successfully achieved by using these 
chelate ion-exchange resins. The practical utility of these 
materials has been explored for the analysis of metal contents of 
some commercially available drugs. 
* * * * * 
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INTRODUCTION 
Ion exchange resin beads have been successfully used for the 
detection and separation of various metal ions and organic substances. 
These ion exchange materials occur in various forms like H^-form. 
Na"^-form, CI' -form and N03" depending upon the ion exchange 
characteristics. There grain size is referred as "nanometers, in general 
and as 'mesh numbers' in English speaking countries. Their volume 
depends on the medium used as imbibitions by resin depend on the 
nature of the medium. 
Organic resins have been commonly used for the purpose of 
separation, as they are very versatile. Determination of a particular 
metal ion in complex mixtures like ores, minerals, environmental 
results, biochemical samples, tissues, blood serum etc.. is a very 
difficult problem as other components of the mixture may interfere. 
Thus it is important to develop separation methods, which are sensitive 
as well as selective. 
The technique of ion exchange is selective and can also function 
specifically. The resin spot test is an elegant, rapid, and sensitive 
technique of analysis with no expenditure (2.3). The resin beads adsorb 
the metal ion and give the characteristic colour of the complex formed. 
Small surface area of the beads helps on detecting metal ions in traces. 
The resin beads having different chelating agents sorbed on them 
show marked selectivity towards a particular metal ion. Thus efforts 
have been made to form chelate exchanae resins to find their 
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specificity for detection, delcrminalion and separiilion of metal ions as 
uell as anions. Aromatic complexing agents (4) have sliown great 
ana!>tica! competence and are particularly useful for metal ions on an 
anitin exchange resin (5-10). These materials bear chelate forming 
groups and ion exchange groups are usually prepared by incorporation 
of complexing groups on to the ion exchange resin. Another way of 
preparing a chelating resin is by chemical reaction. Griesbach and 
Lieser (11) described the synthesis of fifteen adsorbents 
Azothiopyrine disulphonic acid (12) has been incorporated on to an 
anion exchange resin and the product has been used for the uptake of 
Hg. Cu, Cd, from aqueous solvents. Nabi et al. synthesized a variety of 
chelate forming resins by incorporating complexing agents such as 
bromophenol blue, eriochrome black T and congo red (13.14) on to 
resins. Here, bromocresol purple (BCP) has been chosen as a chelating 
agent as it is highly capable of forming complexes with metal ions. 
Bromocresol purple is actually 3\3"-dimethyl-5".5""-dibromophenol 
sulphonapthalon. The structure of bromocresol purple is as follows: 
Fig. 2: Structure of Bromocresol Purple 
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The chemical formula of Bromocresol Purple is C^i H|6Br:0sS. 
EXPERIMENTAL 
Dclcclion and separation of mclal KMIS on a chclaled anion 
exchange resin. 
REAGENTS 
Amberlite IRA-400 resin (CT form from S.D fine chemicals). 
EDTA (di sodium salt) (BDH). EBT (INDIKROM Qualigens). PAN 
(LOBA-CHEMIE INDOAUSTRANALLO). Xylenol Orange (S.D fine 
chem.. ltd.). bromocresol purple (BDH).Sodium acetate(S.D 
fine).Acetic acid(Merck),Formic acid (Merck), disodium tetraborate 
10-hydrate (DSTBH) (s.d.fine) . sodium hydroxide (s.d fine). 
APPARATUS 
A GENESYS Spectronic-20 UV-Visible spectrophotometer 
and a systronics Digital pH meter model 335. were used for 
spectrophotometric and pH -measurements respectively. 
SOLUTIONS 
O.IM and 0.05M solution of acetic acid, 0.05M solution of 
sodium acetate, O.IM solutions of boric acid and DSTBH, 0.1 M 
solutions of hydrochloric acid and sodium hydroxide, and O.IM 
solution of EDTA (disodium salt) were prepared in demineralised 
water.1% solution of Eriochrome black T. PAN and Xylenol Orange 
were prepared in a 1:1 ratio mixture of ethanol and demineralised 
water. O.IM solutions o.f all metal ions were prepared in demineralised 
water. 
4S 
SELECTION OF RESIN 
A number of organic ion exchange resins were treated with the 
dye in the presence of water as well as alcohol.pll was also varied, It 
was found that Amberlite IRA -400 absorbs bromocresol purple most 
strongly. The blue colour was not detached even after subsequent 
washing with water. Thus the resin was selected for further studies. 
SORPTION OF THE DYE ON THE RESIN AS A FUNCTION OF 
pH 
0.5 g of resin was shaken with 45ml of lOOOppm solution of 
bromocresol purple for four hours. The pH was adjusted by adding 
proper buffers. The equilibrium concentration of bromocresol purple 
was then determined by measuring the absorbance at 470nm (Ph 1-6). 
630nm (pH 7) and 520nm (pH 8). The results are given in fig. 4. 
PREPARATION OF BROMOCRESOL PURPLE SORBED RESIN 
To obtain the modified resin. Amberlite IRA-400 (CT form) was 
treated with a 100 ppm solution of bromocresol purple for 24 hours at a 
pH of 8. The resin was then washed several times by demineralised 
water until the supernatant liquid was found free from excess reagent. 
The resin was dried at a temperature of 50°C. All the following studies 
have been done using this material. 
DETERMINATION OF DISTRIBUTION COEFFICIENT OF 
METAL IONS 
0,5g of the modified resin was treated with 1 ml of a metal ion 
and 49 ml of the solvent used. The mixture was shaken in a shaker 
incubator for 3 hrs and kept for the next 24 hrs. The amount of metal 
4') 
ion in the aqueous pliase before and after tlie equilibrium was 
determined titrimetrically using 0.0IM EDTA as a titrant. 
Amount of metal ion in the resin phase per gm of the exchange material j^(j _ _ ^ 
Amount of metal ion in the aqueous phase per ml of solution 
F 0.5 F • 
Where T denotes the initial volume of EDTA consumed by the 
original solution of the metal ion i.e., before equilibrium. "F" denotes 
the final volume of EDTA consumed by the solution after equilibrium. 
The Kd values are given in tables 1 and 2. Figs. 6-9 shows the 
variation of Kd values of different metal ions as a function oh pH of 
the solvents used. 
QUANTITATIVE SEPARATION OF METAL IONS 
Elution technique was used for the quantitative separation of 
metal ions A mixture of metal ions, having 1.5 ml of each metal ion. 
\^ a .^ added to 1.5g of the modified resin in a coloum of internal 
diameter of about 0.6 cms. It was then allov/ed to pass through the 
column at a flow rate of 4-5 drops / minute. 
The elution of metal ions was done by using appropriate eluting 
reagents keeping the constant flow rate of 12-15 drops / minute. The 
eluted metal ion was then determined titrimetrically using a standard 
EDTA solution (Table 3). 
Ion exchange technique has been also used for separation and 
determination of metal ions in the pharmaceutical preparations. Two 
tablets of a pharmaceutical drug Hemfer were dissolved in a mixture of 
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Table 1: Distribution Co-efficients (Kd) of various metal ions in different 
solvent systems on Bromocresol purple loaded Amberlite IRA-
400 resin. 
Metal 
ion 
Ca-* 
Ba-* 
Sr-
Pb--
Zn-'^  
cd-" 
Mir" 
Cu 
Fe-'^  
Ni-^ 
Al-'^  
Zr^ ^ 
La-'" 
Th^' 
s, 
S: 
S3 -
S4 
Ss 
S6 
S7 
Ss = 
S9 = 
s, 
0 
{) 
70 
0 
33 
900 
0 
14 
9 
0 
0 
25 
63 
5 
0 
5 
S2 
0 
0 
113 
0 
43 
900 
0 
14 
15 
0 
11 
5 
80 
70 
13 
6 
= 0. IM acetic acid 
S3 
0 
13 
89 
13 
67 
900 
0 
21 
15 
0 
567 
0 
800 
70 
20 
73 
1
= 0.05M acetic acid 
S4 
0 
6 
161 
11 
82 
1900 
0 
2 
- ) J 
0 
567 
0 
200 
1600 
20 
90 
S5 
0 
13 
42 
0 
33 
900 
0 
2 
:> 
0 
900 
0 
500 
466 
0 
= 1:1 ratio 0.05M acetic acid and 0.05M sodi 
s, 
5 
9 
183 
11 
150 
3900 
5 
14 
-> J 
0 
1900 
0 
1700 
1600 
64 
58 
S7 
13 
6 
189 
11 
3233 
3900 
161 
511 
113 
0 
1900 
0 
1700 
1600 
125 
1166 
um acetate. 
= 1:2 ratio 0.05M acetic acid and 0.05M sodium acetate. 
= 1:3 ratio 0.05M acetic acid and 0.05M sodi um acetate. 
= 1:4 ratio 0.05M acetic acid and 0.05M sodium acetate. 
--1:5 ratio 0.05M acetic acid and 0.05M sodium acetate. 
•• 1:6 ratio 0.05M acetic acid and 0.05M sodium acetate. 
'• 0.05M sodium acetate. 
Ss 
20 
0 
200 
13 
3233 
3900 
183 
800 
142 
0 
1900 
0 
1700 
1600 
125 
1166 
s, 
33 
0 
209 
18 
3900 
3900 
233 
3780 
201 
186 
1900 
25 
1700 
1600 
800 
1166 
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Table 2: Distribution Co-efficieiits of various metal ions in different 
solvent systems on Bromocresol purple loaded Aniberlite IRA-
400 resin. 
Metal ion Si S2 S3 S4 S5 S(, 
Mg-^ 0 0 0 0 0 0 
Ca-^ 13 30 10 6 6 6 
Ba'^ 143 113 112 70 70 70 
Sr" 67 11 18 0 0 0 
Pb-^ 1900 1900 900 566 566 566 
Hg-^ 1900 1233 900 566 566 566 
Zn-" 18 1233 900 566 300 300 
Cd-* 547 676 454 385 385 385 
Mn-" 3 201 78 78 78 78 
Cu-^ 300 566 566 566 566 566 
Fe-^" 1900 7900 7900 7900 7900 7900 
Ni-" 0 7900 7900 7900 7900 7900 
Al^^ 500 7100 7100 7100 7100 7100 
La^" 68 7900 7100 7100 7100 7100 
Zr"*^  240 750 750 466 466 466 
Th"*" 850 7500 7500 7500 7500 7500 
Si =0.1M Boric acid 
52 =1:1 ratio Disodium tetraborate 10-hydrate and B'Oric acid 
53 =1:3 ratio Disodium tetraborate 10-hydrate and B^oric acid. 
54 = 1:5 ratio Disodium tetraborate 10-hydrate and Boric acid. 
55 =1:7 ratio Disodium tetraborate 10-hydrate and Boric acid. 
56 = O.IM Disodium tetraborate 10-hydrate. 
! ml ()!" concenUiitcd iiilric acid and 5 )iil ol coiiccniralcd hydiocliloiic 
acid. Each tablet contained 50mg of I-'c'" and 5mg of Zn"'. The mixture 
was then heated on the boiling water bath till all the N^O fumes were 
removed. The mixture was then diluted to 100ml by demineralized 
water. 10ml and 5ml portions of the diluted solution were separately 
loaded on to columns containing 1.5g of bromocresol purple loaded 
resin. Zn'"" and Fe^ "^  were eiuted with 0.05M sodium acetate and o.lM 
acetic acid respectively. Determination of these metal ions was done 
titrimetrically as described in the case of synthetic mixtures. The 
reproducibility of the method was checked by repeating the experiment. 
RESULTS AND DISCUSSION 
"One of the most difficult situations that an analyst may be 
confronted with is the selection of an analytical method for a particular 
problem."' 
-P.D Sethi. 
Besides the selection of a suitable method, selection of suitable 
reagents is also of great importance. In this experiment several 
different types of resins viz., Amberlite IRA-400 (Merck). Amberlite 
IRA-400 (S.D Fine), Amberlite IR-120 and Dowex-50 were treated with 
a solution of bromocresol purple. The sorption of the dye was perfect 
on the beads of Amberlite IRA-400 (S.D Fine). The beads turned light 
blue from light yellow. In another preliminary test, the anion and the 
cation exchange resins were treated with the dye in the presence of 
water and alcohol. It was found that in both the solvents bromocresol 
purple sorbed strongly only on the basic anion exchanger Amberlite 
IRA-400. Thus the resin was finally selected for the detained studies. 
It uas found that the maximum absorption of bromocresol purple 
occurs at the concentration of 60 ppm and at the pH 7. It has also been 
observed that the sorption of the dye is very quick. Fig.3 shows the 
Calibration curve of bromocresol purple and the effects of pH and 
concentration are depicted in figs.4 and 5 respectively. 
The distribution coefficients of various metal ions were 
determined in various solvent systems. From Tables 1 and 2. it is 
evident that the distribution coefficient increases with the increase in 
pH. It is also found that Kd-values of metal ions in boric acid-disodium 
>-\ 
tetraborate 10-hydrate system are comparatively higher than that in 
acetic acid-sodium acetate system. Figs.6. 7.8.9 show some interesting 
results. The Kd values of Fe^ "^  have been exceptionally high in almost 
all the solvent systems. The reason may be that the complex formed by 
Fe^* with the dye is highly stable. And due to this high value of 
stability constant Fe"''^  has high Kd-values. 
Separation of metal ions has been carried out on the basis of 
varying Kd-values. The elution curves of binary separations of metal 
ions are given in figs. 10. 11. 12. 13. 14. 15 and 16. It is observed from 
the cur\es that the two metal ions have been completely separated from 
each other. Thus Zn^^ and Cd^" .^ Th""^  and Zr"*"*. La^^ and AV^ etc. etc. 
have been quantitatively separated. 
The bromocresol purple loaded resin has been explored for 
quantitative separation and determination of metal contents of a 
pharmaceutical sample: Hemfer.Zn"* and Fe''^ have been successfully 
separated and determined from the drug. The results are given in 
Tables 4 and 5. The accuracy and the precision of the method have 
been evaluated statistically and the results found are satisfactory. 
Therefore we can conclude b\ saying that ion exchange as a 
technique is of great practical utility, and can solve the upcoming 
problems of environmental pollution, impure drinks and unsafe drugs. 
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Table 3: Quantitative separation ol' metal ions on a column of 
Bromocresol purple loaded Amberlite IRA-400 resin. 
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4-1 
X 
E 
c 
o 
15 
u 
Z 
Zn^+ 
Cd^" 
Zn^+ 
Hq''+ 
Ni^  + 
AP-
Th^^ 
Zr'^ 
La^^  
AP-
Zn '^+ 
Pb^+ 
Pb^+ 
Hq'V 
Zn^+ 
Fe^^  
E 
•o 
T3 
m 
4-1 
c 
3 
O 
E 
< 
4.46 
4,62 
4.46 
5.13 
4.36 
5.62 
8,82 
4.83 
6.49 
5.62 
4.46 
4.96 
4.96 
5.13 
4.46 
6.06 
en 
£ 
•o 
«j 
L. 
V 
> 
o 
w 
(U 
u. 
4-1 
c 
3 
O 
E 
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4.28 
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4.27 
5.55 
8.76 
4.80 
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99.31 
99.37 
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99.32 
98.79 
100.00 
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100.00 
99.17 
Eluent used 
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O.IM acetic acid 
O.IM acetic acid 
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0.05M acetic acid 
1:6 ratio of 0.05 
sodium acetate and 
0.05M acetic acid 
1:5 ratio of 0.05M 
sodium acetate and 
0.05 acetic acid 0.05M 
acetic acid 
O.IM acetic acid 
0.5M acetic acid 
0.05M Sodium acetate 
O.IM acetic a d d 
E 
•-^ 
v 
E 
3 
O 
> 
4-1 
c 
3 
IS 
50 
50 
60 
50 
70 
60 
100 
80 
50 
70 
100 
70 
60 
50 
80 
IQ 
OS-3^30 
o 
u 
o 
o 
CO 
C 
.2 
••• o 
o 
U 
V 
<J 
c 
(C 
> 
. , 
65 
f o 
CD 
U-
+ 
Cvj 
c 
0^ 
d 
d e 
o 
c 
o £ 
^ = 
s u 
E £ 
- Si 
J ^  
' • ^ c 
= o 
« 3 
C o 
= 2 
V C 
+ »-
0) 
c 
+ 
C 
SI 
o 
s 
o 
o 
o 
I 
< 
0) 
.A 
C5 
•T3 
OS 
73 
C 
ti 
c/) 
c 
0 
> 
T3 
o 
u 
65 
t3 
u 
> 
o 
u 
V 
e 
3 
o 
B 
< 
73 
t3 
10 
O 
0 
< 
a 
0) 
c 
N 
c 
0) 
c N 
o 
d 
CM 
O 
0) 
+ 
c 
N 
+ 
CO 
I-U 
+ 
N 
T—( 
00 
0^ 
vo 
ON 
I—i 
VD 
ON 
CO 
00 
CO 
ON 
vO 
ON 
ON 
CJN 
UD 
ON 
CJN 
r—< 
OC) 
c^ 
I — ( 
00 
c:^  
00 
o\ 
CTN 
d 
o o o 
LO 
T—( 
ON 
ON 
d 
o o o 
o 
o 
o 
o 
o 
o 
CO 
ON 
CJN 
ON 
d 
o 
o 
o 
o 
o 
o 
ON 
ON 
ON 
d 
o 
o 
o 
o 
o 
o 
I—I 
00 
ON 
00 
c^  
d 
o 
o 
o 
o 
o 
o 
C5 
H 
(« o Z 
C\) 00 in 
s7 
C 
3 
C 
© 
VI 
<u b. 
u 
o 
s o 
u 09 
<*> 
o 
c 
E 
_3 
O 
u 
« 
c 
o 
^ L. 
;S 
£ 
&> 
S 
•^  
v "H-
C3 
»3 
"« 
3 
o 
u cs E 
u R 
£ 
c 
E 3 
O 
u 
.^ 
c o 
> 
s 
o 
•o 
a 
•o 
_© 
« 
^ 
B 
O 
'•5 
3 
"o 
w V 
c*-^ 
u 
o 
U 
c 
0) 
R (M 
W3 • 
V C 
+ ^ 
n < 
OS c ^ 
u 
c 
(0 
c 
o 
> 
•a 
w 
(Q 
•a 
e 
65 
I C le 
> 
O 
U 
V 
l l 
V 
> 0 
u 
0) 
u 
c 
s 
o 
E 
< 
s 
c 
c 
N 
+ 
C\l 
d 
a) 
d 
o 
d 
+ 
c 
N 
+ 
U . 
+ 
CM 
c N 
00 
as 
o 
o 
00 
ON 
CO 
ON 
o 
o 
00 
ON 
ON 
OD 
ON 
CO 
vi3 
03 
C<1 
00 
ON 
ON 
o 
o 
ON 
00 
ON 
00 
ON 
o 
o 
00 
ON 
c 
ON 
CO 
ON 
^ 
o 
ON 
d 
ON 
00 
ON 
Kt 
o 
ON 
d 
00 
c:) 
crN 
^t 
d 
00 
00 
^ ' 
d 
0^ 
ON 
^ ' 
O 
ON 
d 
c^ ! E 
21? 
X ^ 
•a 
« 
o 
e 
3 
0 
S 
< 
E 
c 
N 
O O O 
o 
o 
o 
o 
o 
LO 
o 
o in 
o 
o 
o 
o 
o 
o 
o 
o 
LO 
o 
o 
LO 
d 
o 
o 
o 
lO 
o 
o 
LO 
O 
2 
C/5 
T - l CNJ CO LO 
1.2 
58 
0.8 
o 
u 
€ 06-
o 
m 
04 -
02 
— I — 
20 
— I — 
40 
— I — 
60 80 
— I 
100 
Concentration of Bromocresol Purple (ppm) 
Fig. 3: Calibration curve of Bromocresol purple at a fixed pH 7 and 
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Fig.lO: Separation of metal ions on columns of Amberlite IRA-400 sorbed with 
Bromocresol purple 
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Column diameter: (i.d.): 0.8 cm. 
Mesh Size: 20-50 MESH 
Elution Flow Rate: 18-20 Drops/Min. 
(.() 
0 1M Acetic Acid 
Eluent fraction collected(ml) 
Fig.ll: Separation of metal ions on columns of Amberlite IRA-400 sorbed with 
Bromocresol purple. 
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Fig.l2: Separation of metal ions on columns of Amberlite IRA-400 sorbed with 
Bromocresol purple. 
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Fig. 13: Separation of metal ions on columns of Amberlite IRA-400 sorbed with 
Bromocresol purple. 
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Fig.l4: Separation of metal ions on columns of Amberlite IRA-400 sorbed with 
Bromocresol purple. 
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Fig.15: Separation of metal ions on columns of Amberlite IRA-400 sorbed with 
Broniocrcsol purple. 
0.5M acetic acid 
Eluent fraction co!lected(ml) 
Fig.l6: Separation of metal ions on columns of Amberlite IRA-400 sorbed with 
Bromocresol purple. 
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